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1
SAMPLE PREPARATION METHOD

This application claims priority from Japanese Patent
Application No. 2012-066006 filed on Mar. 22, 2012, the
entire subject-matter of which is incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sample preparation
method for forming a deposition film on a sample by irradia-
tion of a charged particle beam.

2. Description of the Related Art

Transmission electron microscope (TEM) observation is
conventionally known as a method of observing a micro
region in a sample for analysis of defects in a semiconductor
device or other purposes. In TEM observation, as sample
preparation for acquiring a transmission electron image, it is
necessary to prepare a TEM sample having a thin film portion
in part, which has such a thickness that allows an electron
beam to transmit therethrough.

In recent years, as a method of preparing a TEM sample, a
TEM sample preparation method using a focused ion beam
has beenused. In this method, a peripheral portion ofa sample
is subjected to etching processing such that a portion includ-
ing a desired observation region inside the sample may be left.
Then, the remaining portion is subjected to etching process-
ing until the remaining portion has such a thickness that
allows an electron beam to transmit therethrough, to thereby
form a thin film portion. In this manner, a TEM sample can be
prepared with pinpoint accuracy with regard to the portion
including the desired observation region.

However, there has been a problem in that, in preparing the
TEM sample, if the thickness ofthe thin film portion becomes
smaller, the thin film portion is curved due to internal stress.
As a method for solving the problem, there is disclosed a
method of preventing the curvature by forming a reinforce-
ment layer made of a deposition film on the thin film portion
(see JP-A-2009-198412).

According to this method, however, in the case of forming
a thin film portion having an extremely small thickness, the
thin film portion may be curved by a tension of the deposition
film.

SUMMARY OF THE INVENTION

Tlustrative aspects of the present invention provide a
sample preparation method for forming deposition films on
both an observation surface of a thin film portion and a surface
opposite thereto, which is thus capable of preparing a sample
while reducing curvature even when the thin film portion has
an extremely small thickness.

According to one illustrative aspect of the present inven-
tion, there is provided a sample preparation method, includ-
ing: processing a sample piece by an ion beam, thereby form-
ing a thin film portion having such a thickness that allows an
electron beam to transmit therethrough; supplying deposition
gas to the thin film portion; and irradiating the thin film
portion with the electron beam, thereby forming a first depo-
sition film on a first surface of the thin film portion on an
incident side of the electron beam and a second deposition
film on a second surface of the thin film portion which is
opposite to the first surface.

With this configuration, the deposition films can be formed
on the first surface and the second surface by the same elec-
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tron beam, and hence a tension is applied to the thin film
portion from both the surfaces. Thus, the thin film portion is
prevented from being curved.

According to the sample preparation method of the present
invention, the deposition films can be formed on both surfaces
of the thin film portion, and hence a sample can be prepared
without curving the thin film portion.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a configuration diagram of a charged particle
beam apparatus according to an embodiment of the present
invention;

FIGS. 2A and 2B are explanatory diagrams of a sample
preparation method according to the embodiment of the
present invention;

FIGS. 3A and 3B are further explanatory diagrams of the
sample preparation method according to the embodiment of
the present invention;

FIGS. 4A and 4B are still further explanatory diagrams of
the sample preparation method according to the embodiment
of the present invention;

FIGS. 5A and 5B are still further explanatory diagrams of
the sample preparation method according to the embodiment
of the present invention; and

FIGS. 6A and 6B are still further explanatory diagrams of
the sample preparation method according to the embodiment
of the present invention.

DETAILED DESCRIPTION

A sample preparation method according to an embodiment
of the present invention will be described below.

First, a charged particle beam apparatus for performing the
sample preparation method will be described. As illustrated in
FIG. 1, the charged particle beam apparatus includes an EB
column 1, a FIB column 2, and a sample chamber 3. The EB
column 1 and the FIB column 2 irradiate a sample 7 accom-
modated in the sample chamber 3 with an electron beam 8 and
an ion beam 9, respectively. The EB column land the FIB
column 2 are arranged such that the irradiation axes thereof
may be orthogonal to each other on the sample 7.

The charged particle beam apparatus further includes a
secondary electron detector 4 and a transmission electron
detector 5 as charged particle detectors. The secondary elec-
tron detector 4 is capable of detecting secondary electrons
generated from the sample 7 by irradiation of the electron
beam 8 or the ion beam 9. The transmission electron detector
5 is provided at a position facing the EB column 1. The
transmission electron detector 5 is capable of detecting trans-
mitted electrons that have transmitted through the sample 7
and the electron beam 8 that has not entered the sample 7 as a
result of the irradiation of the electron beam 8 to the sample 7.

The charged particle beam apparatus further includes a
sample stage 6 for holding the sample 7. The sample stage 6
is driven by a sample stage drive portion 15, and the move-
ment of the sample stage 6 is controlled by a sample stage
control portion 16. The sample stage drive portion 15 moves
the sample stage 6 in three axis directions of the X,Y, and Z
directions. Further, the sample stage drive portion 15 tilts the
sample stage 6.

The charged particle beam apparatus further includes an
EB control portion 12, a FIB control portion 13, an image
forming portion 14, and a display portion 17. The EB control
portion 12 transmits an irradiation signal to the EB column 1
to control the EB column 1 to radiate the electron beam 8. The
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FIB control portion 13 transmits an irradiation signal to the
FIB column 2 to control the FIB column 2 to radiate the ion
beam 9.

The image forming portion 14 forms a transmission elec-
tron image based on a signal for scanning the electron beam 8
sent from the EB control portion 12 and a signal of the
transmission electrons detected by the transmission electron
detector 5. The display portion 17 is capable of displaying the
transmission electron image. The image forming portion 14
forms data of a SEM image based on the signal for scanning
the electron beam 8 sent from the EB control portion 12 and
a signal of the secondary electrons detected by the secondary
electron detector 4. The display portion 17 is capable of
displaying the SEM image. Further, the image forming por-
tion 14 forms data of a SIM image based on a signal for
scanning the ion beam 9 sent from the FIB control portion 13
and a signal of the secondary electrons detected by the sec-
ondary electron detector 4. The display portion 17 is capable
of displaying the SIM image.

The charged particle beam apparatus further includes an
input portion 10 and a control portion 11. An operator inputs
conditions on the apparatus control to the input portion 10.
The input portion 10 transmits the input information to the
control portion 11. The control portion 11 transmits a control
signal to the EB control portion 12, the FIB control portion
13, the image forming portion 14, the sample stage control
portion 16, or the display portion 17, to thereby control the
operation of the charged particle beam apparatus.

The charged particle beam apparatus further includes a gas
gun 18 for supplying deposition gas to the sample 7. The gas
gun 18 sprays the sample 7 with raw material gas. The sample
7 is disposed perpendicularly to the EB column 1, and hence
the gas gun 18 can spray a surface of the sample on the EB
column 1 side and a surface thereof on the opposite side with
the raw material gas uniformly. The sample 7 sprayed with the
raw material gas is irradiated with the electron beam 8 or the
ion beam 9, to thereby form a deposition film in the irradiated
region. As the raw material gas, carbon-based gas whose main
component is carbon, such as naphthalene and phenanthrene,
or organic compound gas containing platinum or tungsten is
used.

Next, the sample preparation method in this embodiment
will be described. In the sample preparation method, as illus-
trated in FIG. 2A, a wafer 21 is partially processed by the ion
beam 9, to thereby prepare the sample 7. FIG. 2B is an
enlarged diagram of the sample 7 and its vicinity. The wafer
21 is irradiated with the ion beam 9 to form a processing
groove 22 such that the sample 7 may be left. Then, the
sample 7 is separated from the wafer 21 and is fixed to the
sample stage 6.

Next, the sample 7 is subjected to processing for forming a
thin film portion thereon. FIG. 3A is a SIM image 31 acquired
by scanning and irradiating the sample 7 with the ion beam 9
from the FIB column 2. In the SIM image 31, irradiation
regions 32 and 33 of the ion beam 9 for forming the thin film
portion by the ion beam 9 are set. The irradiation regions 32
and 33 are set such that the thin film portion may have a
thickness that allows the electron beam 8 to transmit there-
through.

Next, the irradiation regions 32 and 33 are irradiated with
the ion beam 9 to subject the sample 7 to etching processing.
Then, as illustrated in FIG. 3B, a thin film portion 7a is
formed. In other words, the sample 7 is formed of support
portions 7b and 7¢ having a large thickness and the thin film
portion 7a having a small thickness.

Next, a deposition film for preventing curvature of the thin
film portion 7a is formed.
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First, the principle of forming the deposition film will be
described with reference to FIGS. 4A and 4B. As illustrated in
FIG. 4A, when the electron beam 8 is radiated toward the thin
film portion 7a, secondary electrons are generated from a
front surface 7d of the thin film portion 7a on the electron
beam (EB) column 1 side. The electron beam 8 transmits
through the thin film portion 7a, and hence secondary elec-
trons are generated also from a rear surface 7e on the opposite
side of the front surface 7d. In other words, secondary elec-
trons are generated from both surfaces of the thin film portion
7a at the positions irradiated with the electron beam 8. The
secondary electrons are used to form deposition films on both
surfaces of the thin film portion 74 at the same time. In other
words, the front surface 7d and the rear surface 7e of the thin
film portion 7a are sprayed with deposition gas uniformly,
and the front surface 7d is irradiated with the electron beam 8,
with the result that secondary electrons are generated from
both surfaces of the thin film portion 7a at the irradiated
positions to decompose the deposition gas. In this manner, a
decomposed component is deposited on the thin film portion
Ta.

As a result of spraying the thin film portion 7a with the
deposition gas and irradiating the thin film portion 7a with the
electron beam 8 as illustrated in FIG. 4A, a deposited material
41 and a deposited material 42 are formed on the front surface
7d and the rear surface 7e, respectively, as illustrated in FIG.
4B. The deposited materials can be formed on both surfaces at
the positions irradiated with the electron beam 8. Therefore,
by scanning and irradiation of the electron beam 8, the depo-
sition film made of the deposited material is formed.

Description is given of the formation of a deposition film.
FIG. 5A is a SEM image 51 of the sample 7 acquired by
scanning and irradiation of the electron beam 8 from the EB
column 1. The SEM image 51 is a SEM image observed from
the front surface 7d side of the thin film portion 7a. In the
SEM image 51, an irradiation region 52 of the electron beam
8 for forming a deposition film is set. The irradiation region
52 is set as an entire surface excluding an observation region
7f of the front surface 7d of the thin film portion 7a. This is
because the thin film portion 7a has a small thickness and
hence, if the deposition film is formed locally, a tension is
generated locally to curve the thin film portion 7a.

Next, the irradiation region 52 is scanned and irradiated
with the electron beam 8 while the thin film portion 7a is
sprayed with the deposition gas. In order to form a deposition
film having a uniform thickness, it is preferred to irradiate the
irradiation region 52 with the electron beam 8 in a direction
perpendicular to the front surface 7d. In this manner, as illus-
trated in FIG. 5B, a deposition film 54 that covers the front
surface 7d of the thin film portion 7a can be formed. As
described above, a deposition film is also formed on the rear
surface 7e of the thin film portion 7a at the same time.

According to this method, films are formed by depositing
deposited materials on the front surface 74 and the rear sur-
face 7e of the thin film portion 7a at the same time at the
opposed positions across the thin film portion 7a. Thus, a
deposition film can be formed without applying a tension
locally to the thin film portion 7« having a small thickness.

In the formation of the deposition film by the above-men-
tioned method, when the thickness of the deposition film
becomes larger, the amount of the electron beam that trans-
mits through the deposition film and the thin film portion 7a
is reduced. In this case, the growth rate of the deposition film
may differ between the front surface 74 side and the rear
surface 7e side. To deal with this problem, the growth rate of
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the deposition film on the front surface 7d side and the rear
surface 7e side is adjusted by etching processing using the ion
beam 9.

FIG. 6A is a SIM image 61 acquired by scanning and
irradiating the sample 7 with the ion beam 9 from the FIB
column 2 after the formation of the deposition film. The
thickness ofthe deposition film 54 formed on the front surface
7d of the thin film portion 7« is larger than the thickness of a
deposition film 55 formed on the rear surface 7e. Then, the
deposition film 54 is irradiated with the ion beam 9 to perform
etching processing such that the thickness of the deposition
film 54 may become equal to the thickness of the deposition
film 55. In this manner, as illustrated in a SIM image 62 of
FIG. 6B, the deposition film 56 having the same thickness as
the thickness of the deposition film 55 can be formed. Further,
an additional deposition film can be formed until the required
thickness is reached.

In this case, the etching processing by the ion beam 9 is
performed so as to reduce the thickness of the deposition film
54, and hence it is preferred to irradiate the deposition film 54
with the ion beam 9 from a thickness direction or a direction
perpendicular to the thickness direction. This is because the
thickness of the deposition film 54 can be reduced uniformly.
In the apparatus in which the EB column 1 and the FIB
column 2 are arranged such that the irradiation axes thereof
are orthogonal to each other on the sample 7, the deposition
film 54 can be irradiated with the ion beam 9 from the direc-
tion perpendicular to the thickness direction thereof without
the need to tilt the sample stage 6 to change the angle of the
sample 7. Thus, the deposition film 56 having a uniform
thickness can be formed efficiently.

The above description is the processing method using the
apparatus in which the electron beam 8 and the ion beam 9 are
orthogonal to each other. Alternatively, however, even when
the electron beam 8 and the ion beam 9 are not orthogonal to
each other, a sample can be prepared in a manner that the
sample stage 6 is tilted to change the angle of the sample 7 in
the deposition step and the etching processing step.

What is claimed is:

1. A sample preparation method, comprising:

processing a sample piece by an ion beam to form a thin

film portion having a thickness that allows an electron
beam to transmit therethrough;

supplying deposition gas to the thin film portion; and

irradiating the thin film portion with an electron beam to

simultaneously form a first deposition film on a first
surface of the thin film portion which is an incident side
of the electron beam and a second deposition film on a
second surface of the thin film portion through which the
electron beam has transmitted the thin film portion.

2. The sample preparation method according to claim 1,
further comprising: subjecting the first deposition film to
etching processing by the ion beam, thereby reducing a thick-
ness of the first deposition film.
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3. The sample preparation method according to claim 2,
wherein the reducing a thickness of the first deposition film
comprises subjecting the first deposition film to the etching
processing by the ion beam such that the thickness of the first
deposition film becomes equal to a thickness of the second
deposition film.
4. The sample preparation method according to claim 3,
wherein the thin film portion is irradiated with the ion beam
from a direction perpendicular to an irradiation direction of
the electron beam.
5. The sample preparation method according to claim 2,
wherein the thin film portion is irradiated with the ion beam
from a direction perpendicular to an irradiation direction of
the electron beam.
6. The sample preparation method according to claim 1,
wherein the supplying deposition gas to the thin film portion
comprises supplying the deposition gas to both of the front
surface and the rear surface of the thin film portion.
7. The sample preparation method according to claim 1,
wherein the irradiating the thin film portion with the electron
beam comprises irradiating a substantially entire surface
excluding an observation region of the first surface.
8. A sample preparation method, comprising:
processing a sample by an ion beam to form a thin film
portion having opposed surfaces and a thickness that
allows an electron beam to transmit therethrough;

spraying, at the same time, the opposed surfaces of the thin
film portion with a deposition gas; and

simultaneously forming a deposition film on each of the

opposed surfaces by irradiating the thin film portion
with an electron beam that transmits through the thin
film portion and generates secondary electrons from
both opposed surfaces that decompose the sprayed
deposition gas to form the deposition films.

9. The sample preparation method according to claim 8;
further comprising using the ion beam to etch the deposition
film formed on one of the opposed surfaces to reduce the
thickness thereof.

10. The sample preparation method according to claim 9;
wherein the etching of the deposition film formed on one of
the opposed surfaces is carried out until the thickness thereof
is equal to the thickness of the deposition film formed on the
other of the opposed surfaces.

11. The sample preparation method according to claim 10,
wherein the thin film portion is irradiated with the ion beam
from a direction perpendicular to an irradiation direction of
the electron beam.

12. The sample preparation method according to claim 8,
wherein the thin film portion is irradiated with the ion beam
from a direction perpendicular to an irradiation direction of
the electron beam.

13. The sample preparation method according to claim 8,
wherein the electron beam is irradiated in a direction substan-
tially perpendicular to the thin film portion.
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